Background: The Model for End-stage Liver Disease (MELD) has been used as a prognostic tool
Introduction
The Model for End-stage Liver Disease (MELD) laboratory score was adopted in 2002 to quantify the clinical status of potential liver transplant recipients and to prioritize candidates for the allocation of donor organs. 1 The MELD score is calculated using three objective values: the international normalized ratio (INR); serum creatinine, and serum bilirubin. It reflects a patient's 3-month mortality risk on a scale of 6-40. Priority for liver allocation is given to individuals with the highest scores.
1,2
The United Network for Organ Sharing (UNOS), a private non-profit organization, governs the allocation of donor organs to transplant candidates within the USA. In 2011, median MELD scores in adults receiving deceased donor livers varied by region from 19.5 to 36.0. The national median MELD score was 27. 4 When the MELD score was implemented, patients with scores of >40 were frequently considered to be too ill to undergo transplantation. 5 HPB as patient outcomes have improved. 5, 6 Between 2006 and 2010, the proportion of transplant recipients with MELD scores of ≥40 increased from 6.8% to 10.7% across the nation. 5 Given their high waitlist mortality rate and short life expectancy, these transplant candidates have also demonstrated in small reports the most significant benefit from liver transplant, regardless of donor allograft quality. Even in patients with very high MELD scores, transplantation has been shown to provide a short-term survival benefit. 7 Although the MELD score stratifies patients based on their risk for mortality without a transplant, it does not necessarily identify which patients will have the best longterm outcomes from liver transplantation. This has become increasingly important in an era of increased metrics and oversight across health care fields. The present literature addressing liver transplantation in patients with MELD scores of >40 and longerterm post-transplant outcomes among this group of patients is scant. The issue has been evaluated only in a single-centre context 8 and no national multicentre studies exist.
This retrospective cohort study uses the UNOS database to examine post-transplant survival, morbidity and prognostic indicators of survival in liver allograft recipients with MELD scores of ≥40 at the time of transplantation. It also explores futility predictors of early mortality.
Materials and methods
A population-based, longitudinal retrospective review of patients who became transplant recipients during the period from 27 February 2002 to 30 June 2011 was conducted using UNet℠, a secure UNOS online database that comprehensively shares nationwide information on organ matching.
Inclusion criteria required the patient to have undergone a transplant performed on or after 27 February 2002 and to have had a MELD score of 6-60 (n = 56 470). Exclusion criteria removed patients with approved MELD exception (n = 16 460), a history of one or more liver allograft failures (n = 4380), and simultaneous kidney, pancreas, intestine, lung or heart (n = 4688) transplant. The resulting cohort (n = 33 398) was further divided into three groups based on MELD score at transplant: <30 (n = 24 804); 30-39 (n = 5984), and ≥40 (n = 2610). The primary outcomes of interest were shortand longterm outcomes in patients with scores of ≥40 compared with those in the other groups. Short-term outcomes were defined as length of hospitalization, and 30-and 90-day post-transplantation survival of grafts and patients. Longterm outcomes were defined as 1-, 3-and 5-year survival. To identify potential predictors, multiple univariate Cox regression analyses were completed for clinically suspected risk factors including: donor and recipient characteristics (including age, gender and ethnicity); the medical condition of the patient immediately before transplantation; the cause of the donor's death; allograft type, and organ share type. Covariates including donor and recipient age, gender, body mass index (BMI), waiting time, total warm ischaemia time, share type and cause of donor death were used in the multivariate analysis. Table 1 gives a full list of the variables examined.
For the futility analysis, a nested case-control study was designed within the cohort of patients with MELD scores of ≥40 (n = 2610). Transplant recipients with MELD scores of ≥40 who died during the study period were included in this sub-study (n = 660); those with MELD scores of ≥40 who were lost from follow-up or who remained alive at the end of the study (censored) were excluded (n = 1950). Futility was defined as death within 3 months of transplantation. Thus, patients who died within 3 months were designated as futile (n = 282). Patients who died after 3 months were considered as non-futile (n = 378). Multiple logistic regression analyses were performed to identify potential predictors of futility.
Statistical analysis
Descriptive statistics of clinical and demographic characteristics were summarized using the chi-squared test or Fisher's exact test for categorical variables. Normally distributed continuous variables such as BMI were tested using one-way analysis of variance (ANOVA). Non-normally distributed numerical variables such as hospital length of stay (LoS) were tested using the Kruskal-Wallis test. Survival curves for three groups were obtained using the Kaplan-Meier product limit method and compared using the Cox-Mantel log rank statistic. Patient death and graft failure represented the endpoints in the survival analysis. Right censoring was performed for patients who entered the study at a definite time (e.g. transplantation), but ceased to remain in follow-up before the endpoints of the study were observed (e.g. graft failure and death).
For multivariate analysis, predetermined covariates (age, gender, ethnicity, donor and share type) and variates with a Pvalue of ≤0.1 were included in the final model. All probability values were two-tailed. The type I error rate was set at 0.05. All statistical analyses were performed using IBM SPSS Statistics for Mac OS Version 21.0 (IBM Corp., Armonk, NY, USA).
Results
Of the 33 398 transplant recipients analysed, 74% (n = 24 804) had MELD scores of <30, 18% (n = 5984) had MELD scores of 30-39, and 8% (n = 2610) had MELD scores of ≥40 at transplantation. Overall mortality was directly proportional to MELD score (26%, 28% and 30%, respectively, in recipients with MELD scores of <30, 30-39 and ≥40).
There were 1735 futile transplants in recipients who died within 3 months after transplantation. Analysed according to MELD score subgroup, 4.2% of patients with MELD scores of <30 (n = 1031), 7.1% of patients with MELD scores of 30-39 (n = 422), and 10.8% of patients with MELD scores of ≥40 (n = 282) underwent futile transplants. 
Transplant recipient characteristics
The characteristics of transplant recipients are displayed and compared in Table 1 . Gender distributions were similar across the groups. At transplantation, recipients with MELD scores of ≥40 were slightly younger (median age: 53 years, 51 years and 50 years, respectively, in recipients with MELD scores of <30, 30-39 and ≥40; P < 0.001). Additionally, the group with MELD scores of ≥40 had a higher proportion of non-White recipients, including patients of African-American, Hispanic, Asian, American Indian, Alaskan Native, Native Hawaiian and other Pacific Islander ethnicities (P < 0.001). At transplantation, recipients with MELD scores of ≥40 had serum chemistry measurement values higher than those with MELD scores of <30: total bilirubin was 10 times higher; creatinine was 2.5 times higher, and INR was twice as high (P < 0.001). Compared with patients with MELD scores of <30 or of 30-39, these high MELD score recipients were also significantly more likely to be dialysed within 1 week prior to transplantation (2%, 20% and 47%, respectively, in recipients with MELD scores of <30, 30-39 and ≥40; P < 0.001) and at some other time while on the waiting list (1%, 5% and 11%, respectively, in recipients with MELD scores of <30, 30-39 and ≥40; P < 0.001).
A greater proportion of recipients with MELD scores of ≥40 had grade III or IV encephalopathy prior to transplantation. However, fewer patients had a history of diabetes and portal vein thrombosis. They were also less likely to have a history of upper abdominal surgery or a transjugular intrahepatic portocaval shunt (TIPS) (P < 0.001). Despite spending significantly less time on the waiting list (P < 0.001), they were more likely to have been hospitalized within the 90 days prior to transplantation and to have required mechanical ventilation (P < 0.001). The most common indication for transplantation was hepatitis C infection (30%). Recipients with MELD scores of ≥40 were more likely to receive an organ of regional share type (P < 0.001). Recipients with MELD scores of <30 were more likely to receive a split liver (P < 0.001) or a liver from a local and national share (P < 0.001).
Donor characteristics
Donor characteristics are displayed in Table 2 . Patients with MELD scores of ≥40 were more likely to receive liver allografts from donors who were younger (median donor age: 41 years, 39 years and 39 years, respectively, in recipients with MELD scores of <30, 30-39 and ≥40; P < 0.001), non-White (P < 0.001), and obese (P = 0.001). These donors were less likely to have a medical history of hypertension and diabetes (P < 0.001) or to be extended criteria donors (defined as those aged >60 years or those aged 50-59 years with two of history of hypertension, serum creatinine >1.4 mg/dl and death resulting from stroke). The most common cause of donor death was stroke, followed by head trauma and anoxia, across all three MELD score-stratified recipient groups (P = 0.404).
Liver allograft and preservation conditions
The majority of transplanted allografts were whole livers. Average cold ischaemia time was similar across all groups Split-versus whole-liver allografts Among recipients with MELD scores of <40, short-term patient survival was similar for split-and whole-liver allografts (97%, 95%, and 97%, 94% at 30 days and 90 days, respectively); however, longterm patient survival was better in those who received split grafts (91%, 86%, 82%, and 89%, 81%, 75%, at 1, 3 and 5 years, respectively; P < 0.001). Among recipients with MELD scores of ≥40, short-term survival was better in those who received split grafts (93%, 88% and 92%, 87% at 30 days and 90 days, respectively), whereas longterm survival was similar (79%, 79%, 69% and 80%, 73%, 69% at 1, 3 and 5 years, respectively).
Univariate regression analysis showed a split graft to confer no benefit in recipients with MELD scores of ≥40 [hazard ratio (HR) 0.80, 95% confidence interval (CI) 0.50-1.29; P = 0.357].
However, it showed a reduced risk for mortality in recipients with MELD scores of <40 (HR 0.70, 95% CI 64-0.78; P < 0.001). In multivariate analysis adjusted for donor and recipient age, gender, BMI and waiting time, a split graft showed no significant effect in terms of patient survival in recipients with MELD scores of ≥40 (HR 1.56, 95% CI 0.92-2.66; P = 0.102) and some survival benefit in recipients with MELD scores of <40 (HR 0.89, 95% CI 0.80-0.99; P = 0.032). After controlling for confounders, graft survival in split-liver transplantations did not differ significantly between the groups [HR 0.72, 95% CI 0.90-1.07 (P = 0.718) in recipients with MELD scores of <40; HR 1.59, 95% CI 1.00-2.52 (P = 0.049) in recipients with MELD scores of ≥40]. Overall, the survival outcomes of split-liver and whole-liver allografts were similar.
Short-term graft and patient survival Post-transplant hospital LoS was significantly longer in patients with higher MELD scores (median LoS: 11 days, 14 days and 15 days in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001). Incidences of acute rejection episodes between transplantation and discharge were similar across groups (P = 0.350). Graft survival at 30 days varied inversely with increasing MELD score (95%, 93% and 92% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001). The same relationship was observed for graft survival at 90 days (92%, 88% and 87% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001), patient survival at 30 days (97%, 95% and 92% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001), and patient survival at 90 days (95%, 91% and 87% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001). Figure 1 depicts graft and patient survival curves.
All subgroups had similar rates of graft non-function from all causes, regardless of increasing MELD score (12%, 11% and 12% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P = 0.009). Rates of treatment for rejection within 6 months or within 1 year of transplantation did not vary directly with increasing MELD score (10% and 10%, respectively, 7% and 11%, respectively, and 10% and 8%, respectively, in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001). The most common cause of graft failure across the groups was primary graft failure (3%, 3% and 4% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.041). The incidence of recurrent hepatitis leading to graft failure was higher in the subgroup with MELD scores of <30 (3%, 2% and 2% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001). The frequency of graft failure caused by infection was higher in the group with MELD scores of ≥40 (1%, 1% and 2% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001). There was no difference across the groups in the frequency of graft failure caused by acute and chronic rejection (1% for all).
Longterm graft and patient survival Graft survival at 1 year varied inversely with increasing MELD score (86%, 80% and 77% in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001). Graft survival at 3 years and 5 years showed the same trend (77% and 71%, 72% and 67%, and 69% and 64%, respectively; P < 0.001). This overall pattern was repeated for patient survival at 1 year (90%, 84% and 80% in recipients with MELD scores of <30, 30-39 and ≥40, respectively), 3 years (83%, 77% and 73%, respectively) and 5 years (77%, 72% and 69%, respectively) (all: P < 0.001) (Fig. 1) .
Survival analysis by MELD categories
A separate regression analysis to evaluate the survival hazard of increasing MELD score was carried out using the entire sample stratified by MELD score. In univariate Cox regression analysis, the hazard of graft failure (HRs 1.46, 1.24 and 1.00 in recipients with MELD scores of <30, 30-39 and ≥40, respectively; P < 0.001) and patient mortality (HRs 1.66, 1.34 and 1.00, respectively; P < 0.001) was significantly higher in the subgroup with MELD scores of 40-49. After adjusting for waiting list time, donor and recipient factors including age, gender and BMI, and graft characteristics such as a human leukocyte antigen (HLA) mismatch, share type, and total warm ischaemia time, the subgroup with MELD scores of 40-49 had a higher risk for mortality than the group with MELD scores of 30-39 (P = 0.006) and that with MELD scores of <30 (P = 0.004). Graft survival did not differ significantly among groups with MELD scores of <30 and 30-39 (P = 0.086), or 50-60 (P = 0.890).
Potential mortality risk predictors
Multiple univariate Cox regression analyses were performed in groups with MELD scores of ≥40 and <40, respectively, to determine potential predictors of mortality. As expected, the risk for mortality was higher in patients receiving livers from older donors and with MELD scores of ≥40 (P < 0.001). Donor obesity (P = 0.005) and diabetes (P < 0.001) increased the risk significantly. Patients with MELD scores of ≥40 who received livers from African-American donors had a slightly increased risk for mortality (HR 1.27, P < 0.001), whereas Hispanic ethnicity in the donor decreased the risk (HR 0.92, P = 0.011). Cause of donor death and type of liver (split or whole) were not significant predictors (P > 0.05). In both groups, recipient age of 40-59 years doubled (P < 0.001 and P < 0.001, respectively) and age of ≥70 years (P < 0.001) almost quadrupled the patient mortality risk. A requirement for ICU care between admission for transplantation and hospital discharge also increased the risk for mortality by 36% (P = 0.045). Diabetes for a duration of longer than 5 years (P < 0.001) and 10 years (P = 0.002) in the transplant recipient increased the mortality risk (HRs 1.69 and 6.28, respectively) compared with that in recipients without diabetes. Among patients with MELD scores of ≥40, multivariate analysis adjusting for donor, recipient and graft characteristics confirmed donor and recipient age, a history of upper abdominal surgery, and need for life support at transplantation as significant negative predictors of graft survival. Recipient and donor age, history of upper abdominal surgery, and life support at transplantation were also significant negative predictors of patient survival (Table 3) .
Post-transplant futility analysis
Inclusion criteria for the futility analysis were a MELD score of ≥40 and death during the study period (n = 660). Patients who were lost from follow-up or who survived for longer than the study period were excluded (n = 1950). Those who died within 3 months of transplant were designated as 'futile' (n = 282), and the others were designated as 'non-futile' (n = 378). Table 4 shows the characteristics of patients in the futile and non-futile groups.
Futile transplant recipients were more likely to be aged <40 years (22% versus 15%; P = 0.007) or >60 years (27% versus 23%; P = 0.007) than their non-futile counterparts.
They were more likely to have received liver allografts of regional (32% versus 28%; P < 0.001) or national (6% versus 2%; P = 0.014) share type than a local share type (61% versus 70%; P = 0.014). Recipient gender (P = 0.704), ethnicity (P = 0.762) and BMI (P = 0.597) were equally distributed across the futile and non-futile groups. Futile donors were more likely to be of non-White ethnicity (African-American: 16% versus 14%; Hispanic: 20% versus 18%; Asian: 6% versus 2%; Other: 2% versus 1%; P = 0.043). Futile and non-futile groups were similar in terms of other donor characteristics including age, gender, BMI, presence of diabetes or hypertension, and cause of death.
At the time of listing, futile transplant recipients (n = 282) were less likely to be hospitalized, but more likely to be mechanically ventilated if hospitalized (21% versus 12%; P = 0.002). There was no difference in grade III and IV encephalopathy, risk for portal vein thrombosis, spontaneous bacterial peritonitis, marked muscle wasting, history of TIPS, or previous upper abdominal surgery. Furthermore, futile patients were more likely to have required ICU admission (64% versus 52%; P = 0.002) and mechanical ventilation (43% versus 26%; P < 0.001). However, they were less likely to have mild to moderate ascites (83% versus 89%; P = 0.002), or suffer from spontaneous bacterial peritonitis (8% versus 10%; P = 0.023) ( Table 4 ).
In the futile group, 21 patients experienced primary graft failure. Other causes of graft failure were infection (n = 12), vascular thrombosis (n = 8), biliary complications (n = 4), and hepatitis recurrence (n = 4). In the non-futile group, the most common cause of graft failure was hepatitis recurrence (n = 42), followed by infection (n = 24), primary graft failure (n = 30), vascular thrombosis (n = 12), non-hepatitis disease recurrence (n = 17), acute rejection (n = 9) and biliary complications (n = 7). The average length of post-transplant hospitalization was slightly longer in the futile group (26 days versus 24 days; P < 0.001). Of the futile transplants, 23.8% of recipients (n = 67) underwent retransplantation after experiencing graft failure. As expected, discharge laboratory values revealed significantly increased levels of aspartate aminotransferase (AST) (P < 0.001) and alanine aminotransferase (ALT) (P < 0.001) in the futile group.
In univariate Cox regression analysis, patients with futile transplants had a significantly higher risk for graft loss (HR 133.06, 95% CI 92.00-192.45; P < 0.001) and mortality (HR 133.87, 95% CI 77.82-166.62; P < 0.001) In a univariate binomial logistic regression analysis, recipients aged <40 years had a significantly higher risk for futility than those aged 40-60 years (P = 0.004). Compared with liver allografts from White donors, receipt of a graft from an Asian donor conferred a 3.12-fold increased futility risk (95% CI 1.30-7.43; P = 0.011). Liver allografts from the national share were associated with significantly increased futility [odds ratio (OR) 3.07, 95% CI 1. 
Discussion
Over the past decade, the gradual rise in the number of liver transplant registrants with very high MELD scores has led to increasing interest in outcomes among this patient population. Currently, 8% of liver transplants are performed in patients with MELD scores of ≥40. The few single-centre studies to have addressed this topic have demonstrated mixed outcomes. Some report outcomes comparable with those of transplants in patients with lower MELD scores, 3 whereas others note inferior survival. [7] [8] [9] [10] This is the first nationwide longitudinal study to explore survival outcomes and futility predictors in a cohort of patients with MELD scores of ≥40 who were transplanted during the period from 2002 to 2011. The study confirms the current literature on graft and patient survival among patients with high MELD scores. Although findings showed that overall mortality was statistically higher among patients with MELD scores of ≥40, the difference was clinically less significant: the cohort with MELD scores of ≥40 recorded a 30% mortality rate, whereas the cohort with MELD scores of <30 recorded a 26% mortality rate. In the present sample, the better than expected survival in the cohort with MELD scores of ≥40 may be attributed to the younger age of recipients, and lower prevalences of diabetes, portal vein thrombosis, hepatitis C virus and Epstein-Barr virus (EBV) infection. These patients were also less likely to have required a TIPS procedure for portal hypertensive bleeds, a marker that is not reflected in the MELD score. They were less likely to have had previous upper abdominal surgery. The cohort also had a higher proportion of allografts of regional share type, indicating the prioritization of these patients over other candidates on the basis of acuity. Despite having fewer preoperative comorbid conditions, these recipients required more health care resources, represented by pre-transplant hospitalization, ICU admission, mechanical ventilation and a longer LoS.
The benefits of transplantation in a patient with a MELD score of >40 must be weighed against both the greater risks and increased resource utilization required. Patients with high MELD scores have been found to have increased incidences of post-transplant infection, longer ICU and general hospital stays, and imply increased overall costs. 10 Given that average annual spending on an end-stage liver disease patient is reported to be US$22 424, 10 prioritizing of the most critically ill patients for transplantation is increasingly important. In the present cohort of recipients with MELD scores of ≥40, nearly half of all patients received pre-transplant dialysis.
More than half were in the ICU prior to transplantation, and one-third needed some modality of life support, including mechanical ventilation and inotropic drugs, during their hospital stay. This finding is consistent with those of other studies 5 and confirms that patients with MELD scores of >40 utilize a disproportionately higher amount of health care resources. Nonetheless, the rate of retransplantation attributable to graft failure, the rate of post-transplant infection leading to graft failure, and postoperative LoS were all lower in the present study than in that reported by Alexopoulos et al.
5
These findings suggest that transplantation in patients with very high MELD scores may be sound and necessitate further investigation.
It is important to identify donor and recipient outcome predictors to determine which of the patients with MELD scores of ≥40 will survive transplantation. The present regression analysis revealed that a recipient age of 60-69 years, diabetes duration of >10 years, African-American ethnicity, donor diabetes and obesity were significant negative predictors. Although Alexopoulos et al. attributed poor outcomes among patients with MELD scores of ≥40 to the deleterious effects of prolonged pre-transplant waiting, 5 the present study did not find waiting time to be a predictor of futility. Although the difference in overall and 1-, 3-and 5-year mortality among MELD subgroups was not large, 30-day mortality was found to increase significantly as MELD scores increased. Patients with MELD scores of ≥40 were more than twice as likely to die within 30 days of transplant as those with MELD scores of <30. Thus, the present futility analysis reveals that there is a subgroup of patients with MELD scores of ≥40 who will not benefit from transplantation, and whose allocated organs may be better used in patients with more favourable prognoses. The present study found that recipient age of >60 years, a BMI of >30 kg/m 2 , requirements for ICU care or life support on the waiting list, and liver allograft of national share, were predictors of futility. Furthermore, high INR, ALT and AST values at the time of discharge were also positive predictors of futility. As these were postoperative laboratory values, they will not help in patient selection, but will be useful in helping the clinician to monitor such patients more closely. In Cox regression analysis, after controlling for age, gender, BMI, HLA mismatch, cold ischaemia time, total warm ischaemia time, waiting time, share type, and cause of donor death, patients with MELD scores of 40-49 were found to have a risk for mortality that was increased by 95% and 29% over those with MELD scores of <30 and of 30-39, respectively. After adjusting for confounders, patients with MELD scores of 40-49 had a graft failure rate that was 60% and 28% higher than those with MELD scores of <30 and 30-39, respectively. Furthermore, patients in this futile transplant subgroup were more likely to experience preoperative acute comorbidities such as portal vein thrombosis, renal failure requiring dialysis prior to transplantation, transfusions for a portal hypertensive bleed, history of TIPS and prior upper abdominal surgery, as is representative of a sicker population with increased utilization of health care resources.
Overall, the present findings suggest that candidates with MELD scores of ≥40 on the liver transplant waiting list can derive benefit from the receipt of an allograft. Despite significantly higher futility (43%, 32% and 21% in patients with MELD scores of ≥40, 30-39 and <30, respectively; P < 0.001), increased overall mortality (25%, 22% and 20% in patients with MELD scores of ≥40, 30-39 and <30, respectively) and a probable increase in health care expenses as a result of the provision of longer post-transplant inpatient care, these patients meet the expected survival of >50% at 5 years (64% graft survival and 69% patient survival) and therefore warrant attention.
14 In characterizing the subset of patients with MELD scores of ≥40 among whom transplantation may be futile, the present authors conclude that patients aged >60 years, patients with obesity, those who are hospitalized in the ICU requiring ventilation, and those with multiple comorbidities are at risk for futile transplantation. Additionally, postoperative laboratory studies should be used to identify patients at high risk for adverse outcomes, and should demand greater clinician attention. Despite having fewer preoperative comorbid conditions, the futile group required more health care resources such as peri-transplant hospitalization, ICU care and life support measures.
Strengths and limitations
The present study has several strengths. The most significant is that it is a population-based effectiveness study that used a robust national database and a follow-up period extending to almost a decade to elucidate an inadequately studied issue. The study addressed the timely topic of surgical outcomes in patients with MELD scores of ≥40 and the causes of futility in HPB 2015, 17, 1074-1084 ª 2015 International Hepato-Pancreato-Biliary Association this particular group, in comparison with groups with lower MELD scores. The study also adds substantial information on prognosis after liver transplantation in the most critically ill patients as defined by UNOS, which may assist clinicians in making decisions on the allocation of liver allografts. This information has the potential to influence future guidelines on managing this particular type of patient. Additionally, because it is a longitudinal study, the present study is devoid of selection bias. Two control groups, consisting of patients with MELD scores of, respectively, <30 and 30-39, were used to compare survival. The study has a few limitations. Because of its retrospective nature, confounding attributable to unobserved variables is more likely. This limits the present authors' ability to comment accurately on the more detailed variables such as primary non-function, post-transplant ICU stay and utilization of rehabilitation services, or on direct causes of futility. Additionally, the study design was not that of a randomized prospective clinical trial. Hence, potential bias may have been introduced in addition to the instability of the univariate and multivariate models.
Conclusions
Although the benefits of liver transplantation in patients with MELD scores of ≥40 must be weighed against the increases in risk and resource utilization, liver transplantation in recipients with MELD scores of ≥40 demonstrates a significant increase in post-transplant survival that is greater than expected. The subset of patients with higher MELD scores in whom transplant may have inferior survival outcomes includes those aged >60 years, those with obesity, multiple comorbidities or pretransplant ICU hospitalization, and those receiving allografts from obese or expanded criteria donors. Future prospective studies are required to further characterize the subset of patients with MELD scores of ≥40 who are most likely to benefit from transplantation in order to continue to improve the allocation of this vital resource and to avoid futile transplantation in the most critically ill patients. 
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